51
The aim of this study was to examine the efficiency of different advanced final-stage treatment 52 technologies to remove microplastics from effluent. This study includes tertiary treatments; 53 discfilter (DF), rapid sand filtration (RSF) and dissolved air flotation (DAF) and membrane 54 bioreactor (MBR). In addition, we examined which MP types (size and shape) were removed and 55 which were left in the final effluent after the treatments. The study was repeated with 24-hour 56 automated composite samplers to include in-day variation to examination of MP removal and 57 concentration. We performed comprehensive FTIR analyses to all and whole samples included in 58 the study. In the end, we estimated the proportion of primary and secondary MPs in final effluents. 
Materials and Methods

61
Description of the selected WWTPs and advanced wastewater treatment technologies
62
The most commonly used advanced final treatment stage technologies were selected for our study.
63
The tertiary treatments included different filtering (sand and cloth) and flotation techniques. Also, 64 membrane bioreactor was selected.
65
Micro-screen filtration with discfilters (DF) was examined in Viikinmäki WWTP located at Before the sand filter the process is based on CAS method. 
Additional sampling was carried out with automated 24-hour composite samplers. Composite 
Wastewater characteristics of the selected WWTPs
134
The main wastewater characteristics of the MP sampling sites are summarized in Table 3 . The 
Characterization of microparticles
143
All samples were visually examined using a stereo microscope (model EZ4 HD; Leica
144
Microsystems GmbH, Wetzlar, Germany), with an integrated HD camera. All textile fibers and (Table 4) .
172 Table 4 . The average microplastic concentrations before and after the treatments. DF 10 = discfilter the MBR filters had the smallest pore size (0.4 µm) of for all the studied filters.
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183
The detection of only two MPs (both synthetic textile fibers) after the MBR could derive from is particularly designed to remove low-density particles, it can be expected to efficiently remove 195 plastics, at least those that have lower density than water.
196
The DF also decreased the MP concentration from 0.5 (± 0.2) to 0.3 (± 0.1) with 10 µm and from probably the high SS concentration (Table 3 .) led to volume differences between the replicates 209 before the treatment (Table 1. ).
210
The controls with tap water revealed no MP contamination of the samples. However, the control 211 samples were processed without pumping, as they were filtered straight from the tap. Pumping can 
L). This can be seen from RSF results
231
where no MPs after the treatment were detected (Table 5. ). to contamination. In this study, the WWTP personnel were asked to take 24-h composite samples (Table 5 .) compared to large-volume grab samples (Table 4. ). The RSF, DAF and MBR removed all size fractions. The DF also removed all size fractions, but 256 due the variation between the replicates, the results should be handled with care. Before the 257 treatments, in primary or secondary effluents, the smallest size fraction (20-100µm) was the most 258 abundant in three out of four WWTPs (Fig 1.) . This finding supports our previous study where pre- 
232
270
All shapes of MPs were removed efficiently during treatments (Fig 2.) . Fibers comprised the 271 majority of MPs detected in our samples, and contributed to 39 -81% before and 29-100 % after the 272 treatments of total MPs (Fig 2.) . Most of the fibers entering the WWTPs are removed already and morphology, which allow them to pass through small pore sizes.
324
The proportion of primary and secondary MPs in effluent samples were also estimated (the DF10 MPs, which will remain the concern of WWTPs in a future. 
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Highlights
• The detected microplastics were made of 13 different polymers, with the majority determined as polyester and polyethylene.
• Advanced wastewater treatment removed MPs efficiently from secondary effluents.
• The highest microplastics removal (99.9%) was achieved with membrane bioreactor (MBR).
• The smallest size fraction (20-100µm) and textile fibers were the most common microplastic types before and after the treatment.
• The proportion of primary and secondary MPs in effluent samples were estimated
